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Glutamic acid decarboxylase (GAD) is considered to be one of the 
strongest candidate autoantigens involved in triggering beta-cell-specific 
autoimmunity. The majority of recent onset type 1 diabetes patients and 
pre-diabetic subjects have anti-GAD antibodies in their sera, as do 
nonobese diabetic (NOD) mice, one of the best animal models for human type 
I diabetes. Immunization of young NOD mice with GAD results in the 
prevention or delay of the disease as a result of tolerizing autoreactive T 
cells. Autoimmune diabetes can also be prevented by the suppression of GAD 
expression in antisense GAD transgenic mice backcrossed with NOD mice for 
seven generations. These results support the hypothesis that GAD plays an 
important role in the development of T-cell-mediated autoimmune diabetes. 
However, there is some controversy regarding the role of GAD in the 
pathogenesis of diabetes. Whether GAD truly plays a key role in the 
initiation of this disease remains to be determined. The examination of the 
development of insulitis and diabetes in beta-cell-specific GAD knockout 
NOD mice will answer this remaining question. (128 Refs.) 
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The disease process in classical Type 1 diabetes patients (IDDM) is 
believed to be autoimmune. In contrast, the disease process in classical 
Type 2 diabetes patients (NIDDM) is not autoimmune and a decreased 
sensitivity to insulin action is the main abnormality. The clinical 
distinction of Type 1 diabetes versus Type 2 diabetes is recognized to be 
imperfect and has limitations. There is a group of individuals (Type 1 1/2 
diabetes), who present like typical NIDDM, but have some of the 



immunological and clini'cal features of IDDM. We review the current medical 
literature on Type 1 1/2 diabetes with special reference to its clinical 
characteristics, natural history and pathophysiology. Since the distinction 
between these two forms of diabetes may have important therapeutic 
implications especially with regards to the benefits of insulin therapy in 
patients with Type 1 1/2 diabetes and because of the need for uniformity in 
its diagnosis we recommend that both clinical plus biochemical criteria 
(the presence of ICA and/or GAD Ab, HLA typing and tests to quantify beta 
cell function) be used to make a diagnosis. Comparative studies in the area 
of cytokine production, T cell reactivity and autoantibody clustering 
between classic Type 1 diabetes and Type 1 1/2 diabetes patients are needed 
as are studies with the animal model of Type 1 1/2 diabetes, Psammomys 
obesus. (143 Refs.) 
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Type 1 diabetes, also referred to as insulin-dependent diabetes mellitus 
(IDDM) , is an autoimmune disorder resulting from the destruction of 
pancreatic beta-cells and insulin deficiency. In the last 10 years 
significant progress has been made in this field, primarily because of the 
identification of predisposing genes, the extensive investigation of animal 
models, and the characterization of major autoantigens. This review draws 
attention to how the study of beta-cell autoantigens may contribute insight 
into the pathogenesis of IDDM and provides an update on the cell biology of 
glutamic acid decarboxylase (GAD) and islet cell autoantigen 512, two major 
targets of autoimmunity in Type 1 diabetes on which I have , focused my 
efforts. For reasons of space I have mostly considered here studies on GAD 
which have been published since 1994. (91 Refs.) 
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[Autoimmunity and glutamate decarboxylase antibodies in the pathogenesis 
of type I diabetes mellitus in experimental and clinical practice] 
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Diabetes mellitus type 1 (DM type 1) is a chronic, organ specific 
autoimmune disease. Autoantibodies against the islets of Langerhans (ICA) 
are found in 71%, against insulin (IA) in 65% against glutamate 
decarboxylase (GAD) in 67-77% of children with DM type 1; in their close 
relatives and in patients with a more prolonged persistence of DM type 1 
these antibodies and manifestations of cell-mediated autoreactivity are 
found less frequently also as a sign of the autoimmune character of DM type 
1. In the pathogenesis of DM type 1 with the help of experimental mammalian 
models an idea on the genesis of the disease was obtained — activation of 
autoimmunity on the background of genetic s.ensitivity and environmental 
factors, the development of lymphocytic infiltration of the pancreatic 
islets (insulitis) destruction of pancreatic B-cells due to the 
cytotoxicity of T lymphocytes and the manifestation of DM type 1. According 
to this idea among the series of antigens of B-cells of the islets of 
Langerhans the dominant antigen is the isoform GAD65 — under experimental 
conditions the specific response of T lymphocytes against GAD65 is found 
first, then follows extension of the reactivity also against other antigens 
of the islets. Understanding of the immune pathogenesis of DM type 1 makes 
it possible to apply the immunomodulating approach to the treatment of this 
condition which gave the first positive results in experimental work as 
well as in clinical practice. (65 Refs.) 
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Insulin-dependent diabetes mellitus (IDDM), also known as type 1 
diabetes, is an organ-specific autoimmune disease resulting from the 
destruction of insulin-producing pancreatic beta cells. The hypothesis that 
IDDM is an autoimmune disease has been considerably strengthened by the 
study of animal models such as the BioBreeding (BB) rat and the nonobese 
diabetic (NOD) mouse, both of which spontaneously develop a diabetic 
syndrome similar to human IDDM. Beta cell autoantigens , macrophages, 
dendritic cells, B lymphocytes, and T cells have been shown to be involved 
in the pathogenesis of autoimmune diabetes. Among the beta cell 
autoantigens identified, glutamic acid decarboxylase (GAD) has been 
extensively studied and is the best characterized. Beta cell-specific 
suppression of GAD expression in NOD mice results in the prevention of 
IDDM. Macrophages and/or dendritic cells are the first cell types to 
infiltrate the pancreatic islets. Macrophages play an essential role in the 
development and activation of beta cell-cytotoxic T cells. B lymphocytes 



play a role as antigen-presenting cells, and T cells have been shown to 
play a critical role as final effectors that kill beta cells. Cytokines 
secreted by immunocytes, including macrophages and T cells, may regulate 
the direction of the immune response toward Thl or Th2 as well as cytotoxic 
effector cell or suppressor cell dominance. Beta cells are destroyed by 
apoptosis through Fas-Fas ligand and TNF-TNF receptor interactions and by 
granzymes and perforin released from cytotoxic effector T cells. Therefore, 
the activated macrophages and T cells, and cytokines secreted from these 
immunocytes, act synergistically to destroy beta cells, resulting in the 
development of autoimmune IDDM. (52 Refs.) 
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International Workshop on Lessons From Animal Models for Human Type 1 
Diabetes: identification of insulin but not glutamic acid decarboxylase or 
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Several self-antigens have been reported as targets of the autoimmune 
response in nonobese diabetic (NOD) mice. The aim of this workshop was to 
identify autoantibody assays that could provide useful markers of 
autoimmunity in this animal model for type 1 diabetes. More than 4 00 serum 
samples from NOD (4, 8, and 12 weeks of age and at diabetes onset), BALB/c, 
and B6 mice were collected from six separate animal facilities, coded, and 
distributed to five laboratories for autoantibody measurement. Insulin 
autoantibodies (IAA) were measured by radiobinding assay (RBA) by four 
laboratories and by enzyme-linked immunosorbent assay (ELI SA) in one 
laboratory. Using the 99th percentile of BALB/c and B6 control mice as the 
threshold definition of positivity, IAA by RBA were detected in NOD mice at 
frequencies ranging from 10 to 30% at age 4 weeks, from 26 to 56% at 8 
weeks, from 42 to 56% at 12 weeks, and from 15 to 75% at diabetes onset. 
With ELISA, IAA signals differed significantly between control mouse 
strains and increased with age in both control and NOD mice, with 
frequencies in NOD animals being 0% at 4 weeks, 14% at 8 weeks, 19% at 12 
weeks, and 42% at diabetes onset. For IAA, the ELISA results were 
relatively discordant with those of RBA. GAD autoantibody (GADA) and IA-2 
autoantibody (IA-2A) signals obtained by RBA were low (maximum 2.5% of 
total) but were increased in NOD mice compared with control mice at 
diabetes onset (GADA 29-50%; IA-2A 36-47%) . ELISA also detected GADA (42%) 
and IA-2A (50%) at diabetes onset, with results concordant with those of 
RBA. Remarkably, GADA and IA-2A frequencies varied significantly with 
respect to the source colony of NOD mice. Furthermore, whereas neither GADA 
nor IA-2A correlated with IAA, there was strong concordance between GADA 
and IA-2A in> individual mice. Sera with increased binding to GAD and IA-2 
also had increased binding to the unrelated antigen myelin oligodendrocyte 
glycoprotein, and binding to GAD could not be inhibited with excess 
unlabeled antigen, suggesting nonspecific interactions. In sum, this 
workshop demonstrated that IAA measured by sensitive RBA are a marker of 



^.autoimmunity in NOD mice and draw into question the true nature of GADA and 
IA-2A in this animal model. (22 Refs.) 
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The non-obese diabetic (NOD) mouse is an animal model of human 
insulin-dependent diabetes mellitus (IDDM) . Most NOD mice show insulitis at 
several weeks of age, and 60-90% of the female mice develop overt diabetes 
after 20-30 weeks of age. NOD mice share many features of human IDDM. As in 
human IDDM, the disease development in NOD mice is controlled by a number 
of disease susceptibility or resistant genes (Idds), including the major 
histocompatibility complex locus. Cumulative evidence suggests that Thl 
CD4+ T cells play a critical role in the autoimmune process leading to beta 
cell destruction. In addition to CD4+ T cells, CD8+ cells and B cells also 
participate in the pathogenesis. There are several candidate antigens 
recognized by autoreactive T cells such as glutamic acid decarboxylase 
(GAD), insulin and heat shock protein (HSP) 60. Treatment by these antigens 
suppresses IDDM development in NOD mice, suggesting that they may initiate 
the autoimmune process of NOD mice. (70 Refs.) 
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Type I diabetes, also known as insulin-dependent diabetes mellitus (IDDM) 
results from the destruction of insulin-producing pancreatic beta cells by 
a progressive beta cell-specific autoimmune process. The pathogenesis of 
autoimmune IDDM has been extensively studied for the past two decades using 
animal models such as the non-obese diabetic (NOD) mouse and the 
BioBreeding (BB) rat. However, the initial events that trigger the immune 
responses leading to the selective destruction of the beta cells are poorly 
understood. It is thought that beta cell autoantigens are involved in the 
triggering of beta cell-specific autoimmunity. Among a dozen putative beta 
cell autoantigens, glutamic acid decarboxylase (GAD) has been proposed as 
perhaps the strongest candidate in both humans and the NOD mouse. In the 
NOD mouse, GAD, as compared with other beta cell autoantigens, provokes the 
earliest T cell proliferative response. The suppression of GAD expression 
in the beta cells results in the prevention of autoimmune diabetes in NOD 
mice. In addition, the major populations of cells infiltrating, the islets 
during the early stage of insulitis in BB rats and NOD mice are macrophages 
and dendritic cells. The inactivation of macrophages in NOD mice results in 
the prevention of T cell mediated autoimmune diabetes. Macrophages are 
primary contributors to the creation of the immune environment conducive to 
the development and activation of beta cell-specific Thl-type CD4+ T cells 
and CD8+ cytotoxic T cells that cause autoimmune diabetes in NOD mice. CD4+ 
and CD8+ T cells are both believed to be important for the destruction of 
beta cells. These cells, as final effectors, can kill the insulin-producing 
beta cells by the induction of apoptosis. In addition, CD8+ cytotoxic T 
cells release granzyme and cytolysin (perforin) , which are also toxic to 
beta cells. In this way, macrophages, CD4+ T cells and CD8+ T cells act 
synergistically to kill the beta cells in conjunction with beta cell 
autoantigens and MHC class I and class II antigens, resulting in the onset 
of autoimmune type I diabetes. (113 Refs.) 
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